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Energy Level Renormalization at the Interface
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Description of Methanol UPS Experiments
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Description of UPS & 2PP Experiments
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Quasiparticle and DFT LUMOs
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Design Parameters
Quasiparticle energy shift ∆(εn,k)
∆(εn,k) ≡ Z (Σ(εn,k) − 〈ψn,k|Vxc|ψn,k〉)
Σ(εn,k) is the G0W0 self energy at εn,k
〈ψn,k|Vxc|ψn,k〉 is the DFT exchange and correlation energy
for level n at k
Z is a normalization factor
Fraction of wave-function f (|ψn,k|2) in bulk, molecular layer,
and vacuum regions.
f (|ψn,k|2) ≡
∫ zmax
zmin
dz
"
dxdyψn,k(x, y, z)∗ψn,k(x, y, z)
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Predicting Quasiparticle Corrections for Methanol
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Simple Models
G0W0-scissors
Unoccupied Bound States described semi-quantitatively:
∆ ≈ ∆vac + ∆mol+bulk(fmol + fbulk)
σ ≈ ±0.09 eV
Requires one G0W0 calculation for a molecular layer on the
surface.
Correlation may be applied to other molecular layers based
on DFT wave-functions on the same surface.
Computational materials design on the TiO2(110) surface.
Cheaper DFT calculations for wide range of molecules.
Correct level alignment based on G0W0 quasi-particle shifts.
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Predicting Quasiparticle Corrections for Methanol
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Simple Models
G0W0-bulk
Unoccupied Bound States described qualitatively:
∆ ≈ ∆bulk(fmol + fbulk)
σ ≈ ±0.2 eV
∆bulk is average G0W0 shift for bulk material
Requires a G0W0 calculation only for the bulk material.
Relation may be applied to molecular layers based on DFT
wave-functions on the surface of the bulk material.
Completely predictive.
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Predicting Quasiparticle Corrections for Water
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Conclusions
G0W0 PDOS reproduces UPS semi-quantitatively.
Methanol is responsible for the 2PP signal.
Methoxy is more catalytically active than methanol due to
its higher HOMO.
scGW1 PDOS reproduces UPS and 2PP results
quantitatively.
scGW, scGW0, and HSE all fail to reproduce the UPS and
2PP spectra of methanol on TiO2(110).
We can use the DFT wavefunction’s bulk, molecular, or
vacuum character to estimate semi-quantitatively G0W0
quasiparticle shifts.
The model works for intact and dissociated methanol and
water on TiO2(110).
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